Abstract: The aim of this systematic review was to determine whether botulinum neurotoxin (BoNT) reduce spasticity or improve function in adult patients after stroke. Eleven double-blind randomized placebo-controlled trials met inclusion criteria. They encompassed 782 patients, 767 (98%) of whom received BoNT/A, and 15 (2%) BoNT/B. Most studies used the Ashworth scale as primary outcome measure. Differences between treated and control groups were assessed as categorical or continuous comparisons. The overall effect on upper limb spasticity was in favor of BoNT/A. A significantly higher number of patients had a reduction of upper limb spasticity at 4-week and 8-week evaluations in the treatment group compared with placebo. Mean changes in joint spasticity revealed improvement 3 to 6 weeks and 9 to 12 weeks after treatment. There were insufficient data to establish BoNT/A efficacy on lower limb spasticity or the effect of BoNT/B on the upper and lower limbs. Because of inconsistency and heterogeneity of the available data, it was not possible to perform a meta-analysis on disability and patients' reported outcomes. There was an overlapping safety profile between the treatment and the placebo groups. BoNT/ A reduces upper limb spasticity in patients post-stroke, but the improvement in functional ability remains to be established. This gap needs to be filled by new studies to assess the effect of BoNT in the context of multidisciplinary patient management.
INTRODUCTION
In adults, stroke is the most common cause of upper motor neuron syndrome, that follows damage to the direct and indirect descending corticospinal fibers. 1 Spasticity develops few days or weeks after stroke and is characterized by an increase in muscle tone and a velocity-dependent increase in tonic stretch reflexes, 2 that is associated to muscle weakness. The combination of hypertonia and paralysis, which characterizes the upper motor neuron syndrome, predisposes to the development of contractures leading to further impairment. It is unclear whether functional improvement following stroke occurs in parallel with the reduction of spastic hypertonia. 3 Numerous treatments are used to reduce spasticity. Botulinum neurotoxin (BoNT) injections are employed as focal antispastic agents usually as part of complex rehabilitation regimens. 4 Treatment plans must consider a trade-off between reduction of spastic hypertonia and preservation of residual motor function. 5 Active function relates to the capacity to move the body or its parts actively and can range from simple active movements at a specified joint to complex movements and even complex actions; passive function relates to the ability to integrate a body part in activities passively. 6 Functional treatment goals in patients with spasticity include improvement of active and passive function, reduction of pain associated with passive mobilization and painful spasms, improvement of hygiene and prevention of contractures.
There is no consensus as to when BoNT treatment should be initiated, or how long it should last; furthermore, it remains unsettled if BoNT treatment improves daily living activities in post-stroke patients. There are a number of possible reasons for this uncertainty: first, it is possible that weakness, more than spasticity, contributes to disability 3 ; second, studies may have been inadequately powered to detect functional gain; third, the outcome measures on function may have been insufficiently sensitive. 7 We reviewed the available evidence on the use of BoNT in adult patients with stabilized spasticity, and evaluated its efficacy on motor and functional outcome measures.
PATIENTS AND METHODS
Double-blind randomized placebo controlled trials were included; quasi-randomized, nonrandomized, single-blinded, and nonblinded trials were excluded. Trials where the comparisons of interest were confounded by other antispastic treatments were also excluded. The trials included were on adult patients (>15 years) with post-stroke spasticity assessed by the normal, 8 modified, 9 or expanded 10 versions of the Ashworth scale. Interventions considered were intramuscular injections of type A BoNT (BoNT/A) or type B BoNT (BoNT/B) in stabilized patients, regardless of the dose, number of treatments, and time from stroke onset to treatment.
Two primary outcomes were chosen: change of Ashworth scores in each upper or lower limb joint, and number of patients with at least a two-point reduction in Ashworth scores observed at 3-to 6-week or 8-to 12-week follow-up visits after BoNT treatment. The following secondary outcome measures were also assessed: improvement of global assessment scale (GAS) 11 ; area under the curve of Ashworth scores changes from baseline to the end of follow-up; functional disability, pain, and quality of life measured by validated scales; occurrence of serious adverse events.
Search Strategy
The following were searched: MEDLINE (1966 to September 2006), EMBASE (1988 to September 2006), the Cochrane Central Register of Controlled Trials (CENTRAL--The Cochrane Library, Issue 3, 2006) . Abstracts and proceedings of relevant scientific meetings were hand-searched. The bibliographies of all eligible articles were also examined for relevant studies. Searches used a combination of text words and MeSH terms. There were no language restrictions.
Selection of Trials
Titles and abstracts of articles revealed by the search were assessed independently by two authors (AEE, DC). Each potentially relevant study located in the search was obtained in full text and assessed for inclusion independently by the two authors. Doubts were resolved by discussion between all the authors and reexamination of the paper when necessary.
Assessment of trial quality also considered the following features: randomization and allocation concealment, blinding of those providing and receiving the intervention and blinding of the outcome assessor to treatment allocation, baseline clinical characteristics, concomitant treatments, type of outcome measures, losses to follow-up and dropouts, and whether an intention-to-treat analysis was performed.
The studies were classified according to BoNT serotype (A or B) and to specific BoNT/A brands which are dosed using nonequivalent brand units. 12 
Statistical Analysis
We performed descriptive statistics for trial and study population characteristics across all eligible trials and an intention-to-treat analysis of the data. Missing values for dichotomous outcome measures were assumed to indicate a poor outcome. Missing means and standard deviations were calculated whenever possible. 13 Dichotomous outcomes were analyzed calculating odds ratios (OR) for each trial with the uncertainty in each results being expressed by their confidence interval (CI). Continuous outcomes were analyzed calculating the Weighted Mean Difference (WMD) or the standardized mean difference (SMD) with 95% CI. The OR, the WMD, or the SMD from the individual trials were combined through meta-analysis where possible (absence of clinical or statistical heterogeneity) using a fixed effect model unless there was significant statistical heterogeneity, in which case a random effect model was used. Heterogeneity between trials was assessed using the I 2 statistic. 14 Heterogeneity was not judged exclusively on a statistical basis; evidence of clinical heterogeneity among trials (heterogeneity of study populations, interventions, settings, and outcomes between trials) prevented pooling the results. The Review Manager software (version 5) developed by the Cochrane Collaboration was used for data organizing and analysis. 
FINDINGS Description of Studies
We identified 63 references of which 18 were identified as potentially eligible for inclusion in the review. Five studies were excluded because participants were treated with phenol block 15, 16 or casts, 17 because not all patients had post-stroke spasticity, 18 or because the data were incomplete. 19 Two trials were reported both as full length publication and as abstract. 10, [20] [21] [22] Thence, the review assessed eleven randomized, placebo-controlled, double-blind trials (Table 1 ) involving a total of 782 patients.
The methodological quality of the studies is summarized in Table 2 . Concealment of treatment allocation was adequate in two trials 11, 26 and unclear in the other nine. 7, 10, 21, [23] [24] [25] [27] [28] [29] Blinding of patients and of the outcome assessor was poorly reported in four studies. 10, 21, 27, 29 The Ashworth score was used as a primary outcome measure in all trials, but some trials used the scale as a continuous measure, 7, 10, 11, 21, 23, 24, 28 whereas others used it as a categorical measure. [25] [26] [27] 29 Overall, 29 (3.7%) patients were excluded by the studies after randomization or loss to follow-up: in one study 21 no indication of allocation (BoNT vs. placebo) was given for two dropouts; in the other trials there were 15 BoNT-treated dropouts and 12 placebo-treated dropouts. Five trials performed an intention-to-treat analysis. 23, 24, 26, 28, 29 Baseline spasticity was of comparable severity in the BoNT and placebo groups in seven trials, 11, 21, 23, 24, 26, 27, 29 whereas information on baseline clinical characteristics was considered insufficient in the other four studies. 7, 10, 25, 28 Considering the potential relevance of concomitant drug treatments, rehabilitation, or devices, this information was not reported in seven trials, 7, 11, 21, 24, [27] [28] [29] whereas one study indicated that no patient received concomitant therapy 23 and three studies reported no between-group differences. 10, 25, 26 In two studies, 23, 29 all patients received a concomitant rehabilitation program. Information on clinical side effects and adverse events was reported in all trials, but severe adverse effects were a priori defined in one study only. 10 
Primary Outcome Measures
Two BoNT/A trials with Dysport 125,26 used the Ashworth score as a categorical measure of primary outcome. In these trials 142 patients were treated in the upper limb.
Results indicated that BoNT/A is efficacious 4 weeks after treatment with 500 Dysport U or 1,000 Dysport U, whereas there was no significant improvement in Ashworth scores after treatment with 1,500 U (Fig. 1) . In another study, 29 the number of patients with at least two-point reduction in Ashworth score indicated that BoNT/A treatment in the upper limb is efficacious 8 weeks after treatment with doses of 350 (OR: 0.02, 95% CI: 0.0-0.34, P 5 0.008), 500 (OR: 0.0, 95% CI: 0.0-0.06, P < 0.0001) or 1000 Dysport U (OR: 0.0, 95% CI: 0.0-0.17, P 5 0.005). Comparable results were obtained when the analysis was repeated using a one-point score reduction.
Only one study analyzed the effect of BoNT injections in the lower limb. In this dose-ranging study, BoNT was injected in the gastrocnemius muscle at the dose of 500, 1,000, or 1,500 Dysport U. 27 No significant reduction of spasticity occurred 4, 8, or 12 weeks after treatment, as measured by the number of patients who had at least a two-point reduction of the Ashworth score.
Three BoNT/A studies with Botox 1 , 7,10,21 involving 184 patients, provided data on the efficacy of BoNT treatment on different upper limb joints. Three to six weeks after treatment, 62 of these patients were assessed for elbow spasticity, 184 for wrist spasticity, and 165 for finger flexor spasticity. The overall effect was significantly in favor of BoNT/A compared with placebo, without evidence of heterogeneity among trials ( Fig. 2A) . Weighted mean differences of Ashworth scores were 20.95 (P < 0.001) for elbow, 21.35 (P < 0.0001) for wrist, and 21.07 (P < 0.0001) for finger flexor in favor of BoNT. Nine to 12 weeks after treatment, 62 patients were assessed for elbow spasticity, 184 for wrist spasticity, and 122 for finger flexor spasticity. The overall effect was significantly in favor of BoNT/A, with weighted mean differences of 20.80 (P 5 0.003) for elbow spasticity, 20.83 (P < 0.001) for wrist spasticity, and 20.76 (P < 0.001) for finger flexor spasticity (Fig. 2B) Three studies with Dysport were not included in the meta-analysis of primary outcomes because standard deviations were not indicated. One of them 23 analyzed the efficacy of BoNT/A alone or combined with electrical stimulation: it was found that BoNT alone did not reduce Ashworth scores 2, 6, or 12 weeks after a total injection of 1,000 U in elbow, wrist, and finger flexors. The other trial 11 reported improvement in finger flexor spasticity 2, 6, or 12 weeks after a total injection of 1,000 Dysport U; elbow spasticity was reduced only at 2 weeks after treatment, but not at 6 or 12 weeks. A dose-ranging study 24 reported no improvement in Ashworth scores at the highest doses employed (1,500 and 1,000 Dysport U), whereas a significant reduction of wrist spasticity was found with the lowest dose (500 Dysport U).
Secondary Outcome Measures
Two BoNT/A studies with Dysport 25,26 reported cumulative Ashworth score changes by analyzing the area under the curve over 16 weeks starting from the time of treatment. Results indicated a significant effect in favor of BoNT/A for wrist (P < 0.001) and 
FIG. 2.
Mean changes in Ashworth scores for elbow, wrist, and finger flexor spasticity in BoNT/A and placebo-treated patients at 3-6 weeks (A), and 9 to 12 weeks (B) follow-up visits. For dose-ranging studies the highest BoNT/A dose was included in the analysis.
finger flexor spasticity (P 5 0.007), but not for elbow (Fig. 3) .
Clinician's judgment concerning the effect of treatment, as measured by the global assessment scale, was in favor of BoNT/A treatment in three trials, 7,10,21 but not in favor of BoNT/B 28 (Fig. 4) . Measures of disability were available for nine BoNT/A studies (three using Botox, six using Dysport), but an overall quantitative analysis could not be performed, because different assessment instruments and scoring systems were used. Two studies found a significant improvement in disability after BoNT/A treatment. 7, 29 One reported that the number of patients with reduced disability, as measured with the Disability Assessment Scale, increased during BoNT/A treatment compared with placebo. 7 The second reported an improvement in the Action Research Arm test and the Barthel index following treatment with 500 Dysport U, but a worsening following 1,000 U. 29 Other studies did not find improvement in disability, as assessed by the functional independence measure, 10, 21 the Barthel index, 25, 26 dressing time and the Frenchay arm test. 24 In one of these studies, there was a significant improvement in the ability to clean the palm of the affected hand, but this effect occurred only in patients treated with BoNT/A and electrical stimulation. 23 In three studies global motor function was unchanged, as assessed by the Fugl-Meyer scale 21 and the Rivermead motor assessment. 25, 27 Disability was not reduced in BoNT/B treated patients compared with placebo, as measured by the Jebsen test or nine-hole peg test. 28 Information on the frequency and severity of pain was available for eight studies, but these used different methods to assess and score pain; therefore, a metaanalysis could not be performed. Two trials reported a significant pain decrease in patients receiving BoNT/A, that was more evident at doses above 500 Dysport U. 27, 29 The other studies found no reduction in pain, either using BoNT/A (Dysport or Botox) 10, 11, 21, 25, 26 or BoNT/B. 28 Health-related quality of life was assessed by validated scales in two trials. 10, 21 There was a nonsignificant improvement in the Rand 36-item health survey, 21 and a significant improvement in the SF-36 in patients who received the lowest BoNT/A dose (90 Botox U). 10 BoNT/A was well tolerated. No study reported a higher frequency of adverse events in BoNT/A-treated than placebo groups. One study reported excessive weakness in patients treated at the highest BoNT/A dose (1,500 Dysport U). 29 Only one trial provided information on the incidence of severe adverse effects 10 : these occurred in 12 of 65 (18.4%) BoNT/A-treated patients and 3 of 26 (11.5%) controls (difference was not significant). None of the serious adverse event was considered treatment-related by the study investigators. In one BoNT/B trial, dry mouth was more common in the treated group than in controls. 28 A summary of the adverse events is reported in Table 3 .
DISCUSSION
This systematic review provides evidence that a single BoNT/A treatment reduces hypertonia because of post-stroke spasticity, measured by the clinician with the Ashworth score in elbow, wrist, and finger flexors 1 month after treatment. Nine to 12 weeks after treatment, the effect of BoNT/A is maintained in distal upper limb joints, but is less evident at the elbow, where the results of two studies conflict. 10, 21 This is in keeping with the observation that measurements of the area under the curve (until 16 weeks after treatment) did not show significant effects on elbow spasticity. The inconsistent results on elbow may be due to the small sample size of patients evaluated at this joint, or to insufficient doses injected into the larger proximal muscles, considering that the clinical effects of BoNT/ A are dose-dependent. 30 Previous reviews on the efficacy of BoNT considered the upper limb as a whole [31] [32] [33] and could not identify distal-to-proximal variations in outcome. The doses used for the smaller muscles varied consistently in the studies included in this review and it was not possible to establish a minimal efficacious dose. The dose range in finger flexors varied from 7.5 to 225 Botox U, from 100 to 500 Dysport U, or from 625 to 2,500 Myobloc 1 U. In this review, we evaluated the outcome in upper limb joints and found that clinical improvement is more consistent for distal joints. A similar evaluation was not performed for the lower limb, as only one study on the lower limb spasticity could be included based on our strict criteria 27 ; the other available trials were excluded because the patients were also treated with casts, 17 or they did not all have post-stroke spasticity, 18 or the data were incomplete. 19 The results of the lower limb spasticity study included showed no significant improvement in walking or spasticity 27 following injection in the gastrocnemius muscle. This evidence is very limited, because several other muscles (including the tibialis anterior and posterior, flexor and extensor digitorum or the peroneal muscles) are involved in post-stroke lower limb spasticity. Overall, the available information indicates the need for further good quality studies assessing the efficacy of BoNT on lower limb spasticity.
Heterogeneity of outcome measures in the nine randomized controlled trials and some relevant weaknesses made it difficult to pool the data on patients with stabilized post-stroke spasticity. A common ground to the studies reviewed was provided by the use of Ashworth scale as the primary outcome measure. Although usage of this scale has been questioned based on the fact that it evaluates resistance to passive movements rather than spasticity, 34 it remains the most widely-used outcome measure in clinical trials, and has fair inter-rater reliability. 6 The commonest flaws of the studies analyzed were unclear randomization methods, uncertain concealment of allocation, and doubtful blinding of primary outcome measurement, which is particularly relevant in this case because the Ashworth score is a soft outcome measure. Baseline information was considered insufficient in four studies, 7, 10, 25, 28 and six studies did not perform intention-to-treat analyses: these potentially severe limitations were mitigated by the observation that dropout rates after randomization were low (between 1% and 15%).
Muscle selection is a key feature for the efficacy of BoNT treatment and the injection techniques are a further source of heterogeneity. Four trials did not mention how the muscles were targeted, 11, 24, 28 three used surface landmarks, [25] [26] [27] three used needle EMG guidance, 10, 21, 29 and one study used both EMG targeting and electrical stimulation. 23 There is evidence from dystonia that EMG targeting increases accuracy and improves outcome 35 ; however, when high doses are injected into sufficiently large muscles, as in the spasticity studies reviewed here, toxin diffusion compensates for this limitation.
Most patients had ischemic strokes, and about 25% had hemorrhagic strokes. This finding is consistent with the prevalence of stroke types 36 and indicates that the stroke case mix of the patients reviewed is realistic. The large number of patients assessed, their provenance from various countries, and realistic stroke case mix all suggest that the findings of this systematic review have good external validity. Earlier, more limited, analyses provided results, which are encompassed by the present review, 31 which also indicates that available data on BoNT/B are insufficient to assess its effect on spasticity and that further controlled trials using BoNT/B are necessary.
The reported reductions in muscle tone were measured on average 1 month and 3 months after treatment, similarly with the duration of BoNT effect seen in dystonia. 37, 38 Although the duration of BoNT action in patients with spasticity was not specifically addressed by the studies reviewed, they suggested that some efficacy persists 6 weeks after injection and up to 9 to 12 weeks. 7, 10, 11, 21 In dystonia patients, BoNT injections are usually repeated at regular intervals. It is likely that repeated treatments are also efficacious in patients with spasticity, but there is limited available evidence in support. Only one open trial addressed this issue, reporting that a higher number of patients in the BoNT group than in the placebo group improved after a second treatment session performed 3 months after the first one. 10 Another open label trial mentioned that improvement in spasticity was maintained for three consecutive BoNT/A treatments at different intervals of 3, 4, or 5 months, as clinically indicated. 39 Adequate management of patients with post-stroke spasticity requires knowledge of long-term outcomes following repeated BoNT treatments--an aspect that remains to be addressed by specific studies.
No study reported more serious adverse events in the treatment than placebo arms, indicating that BoNT/ A can be considered a safe treatment in adults. A recent FDA communication was issued regarding cases of botulism-like symptoms with the use of BoNT/A or BoNT/B prevalently in children treated for limb spasticity. 40 Excessive weakness occurred in the reviewed papers after injections of high Dysport doses (1,500 U) in the upper limb, 29 consistent with similar reports on patients with multiple sclerosis 41 and cerebral palsy. 42 Available data on BoNT/A usage in patients with dystonia and other movement disorders also indicate a similar safety profile. 43 A pooled analysis concluded that nausea was the most frequent minor adverse event in post-stroke patients treated with BoNT/A, affecting only 2.2% of cases. 44 BoNT/B may have more side effects than BoNT/A, particularly on autonomic function. This is suggested not only by the study included in the present review, 28 but also by trials with BoNT/B for other indications. 45 Six studies reported inconsistent and conflicting results on pain reduction in the upper limb following BoNT treatment, 10, 11, 21, 25, 26, 28 whereas one controlled study showed significant pain reduction in the lower limb. 27 These inconsistencies in secondary outcome measures are likely explained by the heterogeneity of patients included and by the lack of systematic evaluation of pain or disability as outcome measures.
We reviewed all validated measures of disability, activities of daily living, and quality of life. Most of the reviewed studies did not support an effect of BoNT/A on these outcomes, 10, 21, [25] [26] [27] whereas two studies reported functional improvement on active function. 7, 29 To resolve this inconsistency, new studies need to be planned in which function is a primary outcome measure. Because spasticity is only one among several clinical signs of post-stroke syndrome, 1 treatment with BoNT may not be sufficient to produce a demonstrable improvement in motor function, because of the persistence of remaining features not managed by this treatment. A methodological fault of the reviewed studies is that the experimental design did not correspond to usual clinical care, and multidisciplinary management of the patients was not performed. BoNT treatment is only one out of several interventions in the comprehensive management of upper motor neuron syndrome and is commonly associated with physical therapy. 46 Because post-stroke rehabilitation is efficacious, 47 future BoNT trials should consider patients under standard rehabilitation programs. Furthermore, the time lag between the acute event and BoNT treatment also needs to be stratified in future trials, as in the studies reviewed here the lag of treatment was quite variable (ranging from 3 months to 8 years after the acute event).
BoNT is increasingly being used in patients with spasticity as an alternative or add-on to other symptomatic treatments. It is safe and superior to placebo in reducing stabilized upper limb spasticity. The quality of functional improvement after BoNT treatment remains a point of uncertainty, which requires to be specifically addressed. Future research should also aim to identify which patients may best benefit from BoNT treatment, either on motor or on functional features, and set criteria for their selection. Patient groups need to be stratified for secondary variables, such as pain or disability. Recently, a guideline on the efficacy of BoNT for the treatment of spasticity was issued, 33 but currently there are no guidelines for the multidisciplinary and comprehensive management of patients with spasticity. This seems to be an appropriate goal for future efforts.
